OBJECTIVE: Although obesity is a major health problem in Western countries, its impact may differ in another culture. This paper examines the association between body mass index (BMI; kg=m 2 ) and mortality in Japan, where the mortality profile and BMI distribution differ substantially from Western countries. DESIGN: The JPHC Study cohort I, a population-based prospective study in four public health center areas, started in 1990 and was followed-up to the end of 1999. SUBJECTS: A total of 19 500 men and 21 315 women aged 40 -59 y who submitted their body weight and height and did not report any serious disease at baseline. MEASUREMENT: Risk of death by category of BMI. RESULTS: During 10 y of follow-up, 943 and 483 deaths were documented in the men and women, respectively. The association between BMI and all-cause mortality was U-shaped: compared with a category of 23.0 -24.9, the statistically significant elevations in relative risk were observed in both under-and overweight categories (2.26 in 14.0 -18.9, 1.57 in 19.0 -20.9, 1.33 in 21.0 -22.9 and 1.38 in 27.0 -29.9, 1.97 in 30.0 -39.9 in men, 1.94 in 14.0 -18.9 and 1.91 in 30.0 -39.9 in women) after adjustment for possible confounders and weight change. The U-shaped association did not change after excluding deaths occurring in the first 5 y of follow-up or even after excluding subjects who reported a weight loss of 5 kg or more since 20-y-old, or after stratifying subjects by smoking status. CONCLUSION: Both under-and overweight are important determinants of premature death among the Japanese population.
Introduction
Obesity is an important public health problem in Western countries where cardiovascular disease is a major cause of death. The estimated number of annual deaths attributable to obesity (body mass index (BMI) ! 25 kg=m 2 ) among US adults was calculated to be approximately 280 000 in 1991 (13% of all deaths) based on data from six prospective cohort studies, in which a dose -response increase in risk was observed for most studies for BMI ! 25 and for all studies for BMI ! 30. 1 More than 80% of the estimated deaths attributable to obesity occurred among individuals with BMI ! 30. 1 The prevalence of this category increased from 12% in 1991 to 18% in 1998 in US. 2 In Japan, the percentage of those with BMI ! 30 was quite low compared with that in Western populations and was estimated to be only 3% in 1998 among adults aged 15 y or over. 3, 4 However the proportion of overweight (BMI ! 25) Japanese men aged 40 -59 increased from 20% in 1979 to 29% in 1998, whereas it was stable among women. 3 Although the impact of being overweight among allcauses of mortality has been of great interest, and several epidemiological studies have examined this topic, 5 -9 one meta-analysis has focused attention on the health risks of being underweight. 5 However, because most studies have been conducted in Western populations in which the majority was overweight, the relationship between body weight and mortality has not been fully understood. A recent largescale study of more than 1 million subjects in the US suggested a slight but significant mortality increase in underweight groups. 7 In order to examine the health risks of the underweight, a population of relatively lean subjects is efficient. To our knowledge, few studies have reported the association of body weight with all-cause mortality in populations in which the majority was relatively lean. 10 -13 Such a population would provide an opportunity to examine the health risks of being underweight as well as overweight. However, previous studies in Oriental populations have methodological problems including failure to control for confounding by smoking and failure to account for weight loss due to subclinical diseases. We therefore examined the relationship between body weight and mortality using a populationbased prospective study conducted among middle-aged Japanese men and women, with deliberate consideration of potential sources of distortions.
Methods

Study cohort
As of 1 January 1990, we established a population-based cohort of 54 498 people (27 063 men and 27 435 women) who resided in 14 administrative districts supervised by four regional public health centers (PHCs): 12 291 from Ninohe city and Karumai town in the Ninohe PHC area of Iwate prefecture, 15 782 from Yokote city and Omonogawa town in the Yokote PHC area of Akita, 12 219 from eight districts of Minami-Saku county in the Saku PHC area of Nagano, and 14 206 from Gushikawa city and Onna village in the Ishikawa PHC area of Okinawa (JPHC Study cohort I). All were born between 1930 and 1949 (40 -59 y of age at the baseline). These four PHC areas were selected to represent the extent of variation in the mortality rate of stomach cancer based upon our previous ecological study. The profiles of these four areas were reported elsewhere.
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Baseline survey
In 1990 a self-administered questionnaire was distributed to all registered residents who were asked to report upon their socio-demographics, personal medical history, smoking and drinking history and diet. A total of 43 149 subjects, 20 665 men (76%) and 22 484 women (82%) returned their questionnaires. Although the date of questionnaire completion ranged from January 1990 to May 1992, 54% responded between February 1990 and March 1990. Only 4% were completed after October 1990.
The questionnaire probed current height (cm), weight (kg) and BMI calculated in the formula of weight (kg)=height height (m) 2 . Height and weight data from health check-ups were also available for 5575 men and 9736 women. The selfreported BMIs (mean ¼ 23.45 in men and 23.57 in women) were slightly lower than measured BMIs (mean ¼ 23.54 in men and 23.78 in women), and the Spearman correlation coefficients were 0.89 in men and 0.91 in women in the selfreported BMI range from 14 to 40. Weight change since 20 y old was requested in three categories: lost 5 kg or more; no change; or gained 5 kg or more.
The weekly intake frequency of 27 food items was reported in four categories: rarely; 1 -2 days=week; 3 -4 days=week; almost daily. The weekly frequency for each food item was calculated according to a score assigned to each of the above frequency categories (0, 1.5, 3.5, 6, respectively). For rice, miso soup and nine kinds of beverage, the daily amount consumed was also asked for.
We excluded subjects with a self-reported serious illness (cancer, cerebrovascular disease, myocardial infarction, or chronic liver disease) at baseline or with BMI less than 14 or 40 or over (because of possible unreliable reporting). This left 19 500 eligible men and 21 315 women who reported their height and weight and were included in this study.
Follow-up
We followed all registered cohort subjects from 1 January 1990 up to 31 December 1999. In Japan, all death certificates are submitted to a local government office and forwarded to the PHC in the area of residence. Mortality data are then sent to the Ministry of Health and Welfare and coded for inclusion in the National Vital Statistics. The registration of deaths in Japan is required by the Family Registration Law and is believed to be complete. Therefore, all deaths of cohort subjects were based upon death certificates from each PHC, except those subjects who died after having moved from their original area. The changes in residence status were identified annually through the residential registry in each area. In 1998 we actively referred the new addresses of subjects who moved to local government offices. For deceased subjects, the cause of death was extracted from the centrally collected death certificates in the Ministry of Health and Welfare.
We failed to confirm the vital status of 225 subjects (118 men and 107 women) before 1998 in this analysis. Those subjects were treated as a censored case on the last date when the survival status had been confirmed.
Statistical analysis
Person-years of follow-up were counted from 1 January 1990 to 31 December 1999 or until the date of death or when a subject was lost to follow-up. A Cox's proportional-hazards model was used to calculate the relative risk (RR) of death by category of BMI at baseline after adjusting for or stratifying by covariates using PROC PHREG of the SAS program. 17 In addition to all-cause mortality, deaths from total cancer BMI and mortality among middle-aged Japanese S Tsugane et al (ICD10: C00 -C97), all circulatory system diseases (ICD10: I00 -I99), and other causes were also analyzed. The population attributable fraction (PAF) was calculated by pdÂ((RR 7 1)=RR) where pd is the proportion of cases exposed to the risk factors. This formula is known to be more valid than the popular one: (Pe (RR 7 1))=(Pe (RR 7 1) þ 1) where Pe is the proportion of source population exposed to the risk factor, when a confounding variable exists. 18 Ninety-five percent confidence intervals (CIs) of adjusted PAFs were calculated by the formula of Greenland.
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Results
Baseline characteristics by BMI category
The baseline characteristics according to each category of BMI (14 -18.9, 19 -20.9, 21 -22.9, 23 -24.9, 25 -26.9, 27 -29.9, ! 30) are shown in Table 1 for men and Table 2 for women. More than half of men and women were in the BMI range from 21 to 25, and only 2.1% men and 3.2% women were in the highest category of BMI ! 30. The proportion of subjects who lost ! 5 kg were 37% in men and 47% in women in the lowest category of BMI < 19, and that proportion decreased with an increase in BMI category. The proportion of current smokers and daily alcohol consumers decreased with increased BMI, especially in men, while physical activity, as an index of the percentage engaged in sports and physical exercise at least once a week in their leisure-time increased with increased BMI in men, while the percentage increase was leveled off at the category of 23.0 -24.9 in women. Educational background tended to be higher in low BMI categories of both men and women, but also higher in high BMI categories in men. Two indices of hypertension (use of anti-hypertension drugs or medical history of hypertension) were closely associated with BMI. The frequencies of food intake showed no clear correlation with BMI.
As cigarette smoking, alcohol drinking, educational background and physical activity can be confounded in BMImortality association, these variables were included in the model as well as study area and age. However, as hypertension is considered in part to be a biological consequence of obesity, these variables were not included. The person-y of follow-up, number of deaths, and RRs of death with a 95% CI are shown in Table 3 for men and Table  4 for women according to each BMI category. In both sexes, the association between BMI and all-cause mortality was Ushaped, with minimum risk at BMI 23.0 -24.9 after adjustment for possible confounders such as study area, age, cigarette smoking, alcohol consumption, educational background and physical activity. When further adjusted for the three categories of weight change since 20 y of age (lost 5 kg or more, same, gained 5 kg or more), the RRs decreased in the underweight categories ( < 23), especially in the category of BMI less than 19, but they increased in the overweight categories ( ! 25). However the observed U-shaped association was still obvious. The RRs for weight lost were all significantly higher than 1.0, except for female cancer mortality in a multivariate model, while those for weight gain were all almost 1.0 (data not shown).
In men (Table 3) , as compared with the category of BMI 23.0 -24.9, the lowest three underweight categories had significantly elevated adjusted RRs of death; 2.26 (95% CI, 1.66 -3.08) in BMI 14.0 -18.9, 1.57 (95% CI, 1.25 -1.98) in BMI 19.0 -20.9, and 1.33 (95% CI, 1.09 -1.63) in BMI 21.0 -22.9. The statistically significant elevated RRs were also observed in the highest two overweight categories of BMI 30.0 -39.9 (1.97, 95% CI, 1.27 -3.06), and BMI 27.0 -29.9 (1.38, 95% CI, 1.03 -1.83).
In women (Table 4) , as compared with the same category of BMI 23.0 -24.9, the lowest category had a significantly elevated adjusted RR of death; 1.94 (95% CI, 1.30 -2.89), whereas the statistically significant elevated RR was observed in the highest category of BMI 30.0 -39.9 (1.91, 95% CI, 1.22 -2.99), and the RRs were elevated with borderline The observed U-shaped association did not change substantially after excluding deaths occurring in the first 5 y of follow-up and even after excluding subjects who reported a weight loss of 5 kg or more, though the RR decreased slightly in some categories of BMI (Tables 3 and 4) . However, statistically significant elevated RRs were still observed in the lowest three underweight categories in men.
The risk of cancer mortality showed a similar trend to allcause mortality (Tables 3 and 4 ). In both men and women, the risk to underweight subjects was reduced for circulatory system disease mortality, while it was increased for noncancer and non-circulatory system disease mortality.
The population-attributable fraction (PAF)% of death in each category of BMI was calculated using statistically significant RR adjusted for study area, age, smoking, alcohol drinking, educational background, physical activities and weight change, and assuming BMI from 23.0 to 24.9 as a reference. PAF% of underweight men was 4.0% (95% CI, 2.1 -5.9%), 7.1% (95% CI, 3.4 -10.7%) and 6.9% (95% CI, 2.0 -11.6%) in BMI categories of 14.0 -18.9, 19.0 -20.9 and 21.0 -22.9, respectively, whereas that of overweight men was 2.2% (95% CI, 0.1 -4.3%) and 1.4% (95% CI, 0.2 -2.5%) in the BMI category of 27.0 -29.9 and 30.0 -39.9, respectively. The PAF% of overweight women was 2.7% (95% CI, 0.4 -4.9%) in the BMI category of 30.0 -39.9, whereas that of underweight women was 4.5% (95% CI, 1.4 -7.5%).
In order to examine whether smoking modified the association between BMI and mortality, the RRs of death were separately calculated for lifelong non-smokers, ex-smokers and smokers in men, and for non-smokers only in women ( Table 5 ). The associations were very similar to those observed in whole populations. The statistically significant elevated RRs still showed up in the lowest category of BMI 14 -18.9 in male lifelong non-smokers and current smokers and in females who never smoked. The statistically significant elevated RRs were also shown in the highest category of BMI and mortality among middle-aged Japanese S Tsugane et al BMI in current male smokers and female lifelong nonsmokers.
Discussion
In this population-based prospective study of middle-aged Japanese men and women, we observed increased risks of death in both underweight and overweight subjects. Those findings remained unchanged after the exclusion of deaths occurring in the first 5 y of follow-up, the exclusion of subjects reporting weight change after 20 y of age, or even despite a restriction of the analysis to lifelong non-smokers and smokers among men. The prevalence of obesity (BMI ! 30) in this study (2.1% for men and 3.2% for women) is comparable with the rate reported in the National Nutrition Survey of Japan using a nationally representative sample (2.5% for men and 3.6% for women, aged 15 y and over). 3 However, it is substantially lower than the rate in the general US population (11.7% for men and 12.2% for women as of 1991). 2 Therefore, our study provides a unique opportunity to examine the association between body weight and mortality in a population among whom obesity has not become as prevalent as in the US and other Western countries.
Observational studies of body weight and mortality are susceptible to methodological problems, including failure to control for weight loss due to subclinical disease, failure to control for cigarette smoking, and inappropriate control of the biologic effects of obesity such as hypertension and hyperglycemia. 20 The first problem may be partly accounted for by the exclusion of subjects who died early during the follow-up and who reported a weight change which might have represented the existence of subclinical disease. Body weight loss was associated with significantly increased mortality from all causes in the Harvard Alumni Health Study. drinking (non-drinkers, occasional drinkers, 1 -99 g=week, ! 100 g=week), educational background (junior high or less, high school, college or more), and sports and physical exercise in leisure-time ( < 1 day=month, 1 -3 days=month, ! 1 day=week). b Further adjusted for weight change since 20 y old (lost 5 kg or more, no change, gained 5 kg or more).
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The few studies examined the association between body weight and all-cause mortality in Oriental populations share these methodological limitations. 10 -13 The studies conducted in Japan did not account for the effects of confounders such as smoking, early death, and=or weight change. 10 -12 One Chinese study 13 examined the association only in men, and the increase in mortality was not significant when the early ( < 4 y follow-up) deaths were excluded.
The observed increase in risk of death among overweight subjects is consistent with recent US studies that have a reasonably large number of subjects and that carefully account for methodologic problems. 6 -9 In contrast, the increased risk among underweight subjects observed in this study is not consistent with most other studies. The analysis of data from Nurses Health Study that excluded early deaths and was limited to women who never smoked and had stable weight revealed that there was no increased risk in the leanest women (BMI < 19.0) but a direct, linear association between BMI and mortality. 8 In the Health Professional Follow-up Study, an analysis excluding early deaths and subjects with weight loss showed an insignificant increase in risk among the leanest men (BMI < 21.0). 9 In the Cancer Prevention Study II, the analysis limited to subjects who had never smoked and had no history of disease showed a significantly increased risk for the leanest men and women (BMI < 18.5). 7 Investigators in the latter two studies attributed the increased risk in the leanest subjects to uncontrolled bias due to pre-existing but undetected disease processes which remained even after careful exclusions had been completed. In this study, the increased risk in the leanest subjects (BMI 14.0 -18.9) persisted even after the exclusion of early deaths, subjects with weight change, or smokers, and the point estimates of the RRs were rather high. Furthermore, a statistically significant elevation in risk was also observed even in the second (BMI 19.0 -20.9) and third (BMI 21.0 -22.9) lowest categories in men despite a subsequent adjustment for weight change. It is therefore not likely that the increased risk from leanness is totally attributable to uncontrolled bias due to pre-existing disease.
Inconsistent findings of increased risk in underweight with Western countries may be attributable to different causes of premature death. The statistically significant elevation of risk was not observed in underweight categories of both sexes for circulatory system disease mortality and the association was linear in women. In contrast, the risk elevations in underweight categories were obvious for cancer and non-cancer and non-circulatory system disease mortalities. Stomach, lung and liver were most frequent sites of cancer death in our population and those associations with obesity are weak or negligible. 22 Non-cancer and non-circulatory system disease included pneumonia (23 men and 13 Adjusted for study area (Iwate, Akita, Nagano, Okinawa), age in 1990 (continuous), alcohol consumption (non-drinkers, occasional drinkers, 1 -149 g=week, 150 -299 g=week, 300 -449 g=week, ! 450 g=week), educational background (junior high or less, high school, college or more), sports and physical exercise in leisuretime ( < 1 day=month, 1 -3 days=month, ! 1 day=week), and weight change since 20 y old (lost 5 kg or more, same, gained 5 kg or more).
BMI and mortality among middle-aged Japanese S Tsugane et al women), which is expected to be more susceptible to under nutrient subjects. Because of the limited number of deaths, detailed analysis for specific causes should be future topics to make mechanistic interpretation of the observed findings. The Japanese Ministry of Health, Labour and Welfare presented an 11 y plan from fiscal year 2000 to 2010, the 'National Health Promotion Movement in the 21st Century (Healthy Japan 21)' (see www.kenkounippon21.gr.jp=). In this plan, obesity is defined as BMI > 25 and decrease in the proportion of obesity is advocated for adults. However, based on our findings, this cut-off point may not be appropriate for middle-aged Japanese men. Moreover, a decrease in the proportion of underweight should be considered from the public health viewpoint in Japan, since PAF% of premature death in underweight men (a total of 18% in three BMI categories of 14.0 -18.9, 19.0 -20.9 and 21.0 -22.9) and women (4.5% in 14.0 -18.9) is not a negligible proportion.
In conclusion, our results indicate that being underweight is still an important public health problem, especially in men, and that the impact of obesity on mortality is relatively small among middle-aged men and women, primarily due to the low prevalence of obesity in the Japanese population as a whole. Considering the rising percentage of overweight middle-aged Japanese men and women, however, the influence of being overweight is expected to become more serious in the future. It will therefore be important to monitor transitional change in the relative impact of being overweight and underweight on the longevity of a Japanese population that has been experiencing drastic changes in lifestyle during the past half-century.
